Previous evidence has shown that vagal nerve activity modulates ventricular arrhythmias in patients and in animal models. However, the effects of direct vagus nerve stimulation on ventricular tachyarrhythmias brought by direct sympathetic nerve stimulation have not been elucidated. In the present study, the effects of electrical stimulation of the left cervical vagus nerve on ventricular tachycardia (VT) which was induced by electrical stimulation of the left ansae subclaviae (LAS) in rabbits were assessed. Monophasic action potentials (MAPs) of the left ventricular endocardium were recorded simultaneously with surface ECG. In 27 rabbits tested, the stimulation of LAS induced VT in 19 rabbits. Polymorphic VT (PVT) was induced in 14 rabbits (PVT group), whereas monomorphic VT (MVT) was induced in 5 rabbits (MVT group). Vagus nerve stimulation during the sympathetically-induced PVT led to a restoration of sinus rhythm in 10 of 14 rabbits, while that during the sympathetically-induced MVT did not restore sinus rhythm in any of the 5 rabbits. Vagus nerve stimulation during the stimulation of LAS, which was of subthreshold intensity for the induction in VT, did not result in an induction of PVT in any of the 14 rabbits in the PVT group, while it induced slow MVT in 3 of 5 rabbits in the MVT group. These results indicate that vagus nerve stimulation preferentially exerts protective antiarrhythmic effects against PVT induced by sympathetic neural stimulation in this model, while it occasionally induces slow MVT under conditions in which sympathetic nerve activity is potentially elevated. (Jpn Heart J 1998; 39: 503-511) 
Jpn Heart J July 1998 I NCREASED sympathetic neural activity facilitates the prevalence of ventricular tachyarrhythmias in patients and in animal models.1-4) Conversely, vagus nerve stimulation suppresses ventricular tachyarrhythmias in patients and in animal models.5-7) However, information is limited about the direct effects of vagus nerve stimulation on ventricular tachyarrhythmias brought about by direct sympathetic nerve stimulation.8) Recent experimental and clinical studies indicate that increased vagal activity does not always exert protective antiarrhythmic effects. It has been demonstrated that vagal stimulation failed to terminate ventricular tachycardia (VT) or prevent ventricular fibrillation (VF) experimentally induced by catecholamine.9,10) In a recent clinical study, the sudden increase in vagal activity was reported to play an important role in triggering VF in patients with idiopathic VF.11) It is therefore of both academic and clinical interest to investigate how direct vagus nerve stimulation modulates the ventricular arrhythmogenesis that is induced by direct stimulation of sympathetic nerves. We examined this by assessing the effects of left cervical vagus nerve stimulation on VT induced by the direct electrical stimulation of left ansae subclaviae (LAS) in rabbits in vivo. 
RESULTS
Characteristics of VT induced by the stimulation of LAS: In 27 rabbits tested, the LAS stimulation induced PVT in 14 rabbits (PVT group) and MVT in 5 rabbits (MVT group). In 3 of 5 rabbits in the MVT group, increasing the intensity of LAS stimulation transformed the induced MVT into PVT. A typical PVT episode induced by stimulation of the LAS is shown in Figure 1 . In this case, PVT with an irregular MAP recording developed approximately 3sec after the start of LAS stimulation. The development of PVT produced a marked sympathetically-induced PVT terminated PVT to restore a sinus rhythm in 10 of 14 rabbits tested. In the remaining 4 rabbits, vagus nerve stimulation failed to terminate PVT (Table I) . A typical termination of PVT by vagus nerve stimulation is shown in Figure 3 . In this case, PVT developed and persisted during the LAS stimulation. The concurrent application of vagus nerve stimulation terminated the PVT at approximately 1.5sec after the start of vagal stimulation. The termination of PVT was consistently preceded by a slowing of the VT rate. In the MV T group, additional application of vagus nerve stimulation during the sympathetically-induced MVT led to a termination of VT in none of 5 rabbits tested (Table I ). The difference in suppressive efficacy of vagus nerve stimulation on PVT from MVT was statistically significant (p<0.05). (Table  II) . However, the same intervention produced MVT in 3 of the 5 rabbits in the MVT group (right side of Figure  2 ) (Table  II) .
In the case shown in Figure  2, The electrophysiological mechanisms for the PVT induced by stimulation of the LAS in the present study remain unclear and speculative. It has been demonstrated that catecholamines shorten the refractory period of Purkinje fibers and ventricular muscle tissue12,13) and enhance diastolic depolarization in Purkinje fibers, which may induce phase 4-dependent depression of conduction.14) Therefore, the heterogenous sympathetic innervation of the ventricle and subsequent heterogenous changes in the electrophysiologic properties, produced by stimulation of the LAS, could be attributed to the generation of the reentrant VT. At triggering mechanism may also be responsible for the generation of PVT observed because delayed (DADs) and early afterdepolarizations (EADs) were induced and enhanced in vitro by catecholamines15-17) and in vivo by the stimulation of cardiac sympathetic nerves. 18, 19) Vagally-induced NNT during the subthreshold stimulation of LAS: The vagally-induced MVT was analogous in morphology, of ECG and MAP recordings, to the original sympathetically-induced MVT with a slower tachycardia rate, indicating essentially an identical underlying mechanism. It is tempting to speculate that the intense sympathetic nerve stimulation augmented the ventricular automaticity which exceeds the sinus rhythm, resulting in an induction of MVT, 20) and that the potentially enhanced ventricular automaticity produced by the subthreshold intensity of LAS stimulation was unmasked by concurrent application of vagus nerve stimulation, leading to manifestation of the slow MVT. Suppressive effects of vagal stimulation on sympathetically-induced PVT: Acetylcholine released by vagus nerve stimulation can slow ventricular automaticity,21) depress Purkinje fiber automaticity22) and increase the refractory period of ventricular muscle.23) In addition, acetylcholine inhibits the release of norepinephrine from sympathetic nerves at prejunctional and postjunctional levels. 24, 25) Thus, vagus nerve stimulation and subsequently released acetylcholine, directly and indirectly, offset the actions of catecholamines released by the LAS stimulation. These effects of vagus nerve stimulation may have combined to suppress PVT which was induced by the stimulation of LAS.
Limitations:
The present study has several reservations. First, we used secobarbital, a known as an adrenergic stimulating agent for anesthesia which might have influenced the results. Second, the stimulus frequency of 50Hz with an intensity up to 10mA used for LAS stimulation was not physiologic. Finally, the sympathetically-induced PVT observed was indistinguishable from VF on the ECG and MAP recordings. This is due to an experimental limitation of using rabbits, i.e. the size of the myocardial mass is too small to demonstrate VF.
Conclusions:
In the present study, we demonstrated that direct stimulation of the LAS produced PVT and MVT, most likely due to different mechanisms.
Although direct vagus nerve stimulation preferentially antagonized the sympathetically-induced PVT, it occasionally induced MVT under conditions in which the sympathetic tone was potentially elevated.
